Impact assessment of seven alien invasive bird species already introduced to South Africa by Shivambu, T.C. et al.
ORIGINAL PAPER
Impact assessment of seven alien invasive bird species
already introduced to South Africa
Tinyiko C. Shivambu . Ndivhuwo Shivambu . Colleen T. Downs
Received: 9 August 2019 /Accepted: 6 February 2020
 Springer Nature Switzerland AG 2020
Abstract Globally, various avian species have been
introduced accidentally and deliberately by humans
through different pathways. Some of these species
were able to establish, multiply, and become invasive.
In this study, we identified areas that are climatically
suitable for seven introduced invasive bird species and
assessed the environmental and socio-economic
impacts associated with the selected bird species in
South Africa. We used present distribution records to
predict potential climatic suitability distributions and
used the Generic Impact Scoring Scheme to assess the
impacts associated with seven invasive bird species in
South Africa. We found that all the seven species were
climatically suitable to South Africa and Passer
domesticus, Sturnus vulgaris, and Anas platyrhynchos
each had relatively large climatic suitability distribu-
tions. The climatic suitability for all the species was
within their occurrence ranges in and outside South
Africa. For impact assessments, we found that all
seven selected species had impacts, with A. platyrhyn-
chos, Acridotheres tristis, Columba livia, and Psittac-
ula krameri having the highest overall impacts
respectively. The socio-economic impact ranked
higher than environmental impact for all species.
The socio-economic impacts were frequently through
agricultural production and human infrastructure,
while the environmental impact was mostly through
impacts of birds on other animals and competition.
These need to be incorporated in decision-making and
eradication plans for these alien invasive birds in
South Africa.
Keywords Alien invasive birds  Climatic
matching  GISS  Environmental impact  Socio-
economic impacts  Impact assessment
Introduction
Human activities have moved and translocated many
species around the world, accidentally and deliber-
ately (Hulme 2009). As a result, live animals have
been transported from one location to another for
centuries (Mori et al. 2017; Lockwood et al. 2019).
Many of these species were introduced as part of the
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pet trade (Kawai et al. 2015; Mori et al. 2017;
Lockwood et al. 2019), for biological control (Brook
et al. 2003; Fraser et al. 2015), for research (Jojola
et al. 2005), and as food sources, e.g. feral pigs Sus
scrofa (Jean Desbiez et al. 2011) and waterfowl
(Pingel 2011). In addition, some of the animals were
introduced to new areas as hitchhikers, stowaways
and/or as transport contaminants (Buck and Marshall
2008; Faulkner et al. 2017).
The process of introducing species to non-native
locations where they establish, multiply, spread and
finally negatively affecting native flora and fauna is
termed as a biological invasion (Hulme 2009; Black-
burn et al. 2011). Globally, biological invasions are a
major problem as in most parts they cause a decline in
many native species (Dove et al. 2011), impact on
economies (Pimentel et al. 2005; Ahmad et al. 2012),
and facilitate transmission of diseases to humans,
animals and plants (Crowl et al. 2008). For example,
the introduction of non-native birds globally (Martin-
Albarracin et al. 2015), the Burmese python Python
bivittatus in Florida (Dove et al. 2011), and the African
clawed frog Xenopus laevis into Europe (Kopecký
et al. 2013).
The impacts associated with any introduced or not
yet introduced species can be assessed using stan-
dardised impact assessment schemes (Kumschick and
Nentwig 2010; Nentwig et al. 2016; Keller and
Kumschick 2017). The impact assessment schemes
are essential because they ease impact detection and
invasion management (Simberloff et al. 2013; Keller
and Kumschick 2017). The application of impact
assessment requires evidence which is based on
impacts that the introduced species have caused
(Andreu and Vilà 2010; Bacher et al. 2018). Impact
assessment has been applied to many taxa using
approaches such as the Environmental Impact Classi-
fication for Alien Taxa (EICAT) (Hawkins et al.
2015), the Generic Impact Scoring System (GISS)
(Nentwig et al. 2016) and the Socio-Economic Impact
Classification of Alien Taxa (SEICAT) (Bacher et al.
2018), and rapid screening tools such as species
distribution modelling and information on history of
invasion elsewhere (Bomford 2006; Keller and Kum-
schick 2017). The species distribution modelling
(SDMs) has increasingly become one of the widely
used tools to predict organisms’ climatic suitability
using presence occurrence records (Estrada-Peña et al.
2007; Di Febbraro et al. 2013). The SDMs has been
used to create watch lists used to identify species with
potential invasion threats and required for monitoring
(Faulkner et al. 2014). The use of SDMs with formal
impact assessment scheme is novel, and these two
approaches have shown to reveal potential areas at risk
of invasion, environmental and socio-economic
impacts associated with modelled species (Foxcroft
et al. 2007; Chown et al. 2012; Keller and Kumschick
2017).
In South Africa, several introduced avian bird
species have become invasive. These include the rose-
ringed parakeet Psittacula krameri (Hart and Downs
2014), the common myna Acridotheres tristis (Pea-
cock et al. 2007), the common starling Sturnus
vulgaris (Mokotjomela et al. 2013), the rock dove
Columba livia (Harris et al. 2016), the mallard duck
Anas platyrhynchos (Stafford 2010), the house crow
Corvus splendens and the house sparrow Passer
domesticus (Hart and Downs 2015). Some of these
species are amongst the world worst invasive species
(Lowe et al. 2000). Most of these species are
considered urban, but many are now occurring in
rural, peri-urban and agricultural areas (Butler 2003;
Shwartz et al. 2009; van Rensburg et al. 2009; Ahmad
et al. 2012; Old et al. 2014).
The populations of these alien invasive bird species
in South Africa are increasing and well established in
major towns and surroundings (Peacock et al. 2007;
van Rensburg et al. 2009; Stafford 2010; Hart and
Downs 2014; Harris et al. 2016). Given the increasing
number of these alien invasive birds, not much is
known about their impacts. Understanding the impact
associated with introduced invasive birds is important
so that appropriate management can be implemented.
In this study, we aimed to (1) investigate areas that are
likely to be climatically suitable for the selected
introduced invasive bird species in South Africa and
other parts of the world, and (2) use the Generic
Impact Scoring System to assess the environmental
and socio-economic impacts associated with the
selected alien invasive bird species in South Africa.
Given that the selected invasive bird species are often
associated with humans (van Rensburg et al. 2009;
Harris et al. 2016) and can generally persist over a
wide distribution range (Michaelsen and Refvik 2003;
Ryall 2003); we therefore predicted that those species
with large occurrence records worldwide would be the
species with large potential climatic suitability
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To develop the climatic match, occurrence records
from either native or introduced ranges are required
(Steiner et al. 2008). In this study, updated distribution
records for seven invasive bird species in South Africa
(native and introduced ranges) were downloaded from
the Global Biodiversity Information Facility (GBIF;
https://www.gbif.org) using rgbif package in R sta-
tistical software (version 1.2.5019; R Core Team
2018). The distribution records from museums/
herbariums and those that overlapped were automati-
cally cleaned and removed in R using Biogeo package
(Robertson et al. 2016) to prevent data autocorrelation.
Exclusion of records from museum or herbariums was
done as there was no certainty regarding the accuracy
of datasets provided (Rowe 2005). The cleaned data-
sets were converted to spatial points datasets readable
in R.
Model evaluation and climatic matching
The species distribution modelling (SDM) package by
Naimi and Araújo (2016), which works in R was used
to build a model for seven respective bird species
invasive to South Africa. The 19 updated bioclimatic
variables downloaded from WorldClim (https://www.
worldclim.org) at 10-min spatial resolution were used
as predictor variables to describe each species suit-
ability. The predictor variables that collinear with each
other were excluded from the model to prevent auto-
correlation, as this can affect model prediction and
performance (Dormann et al. 2013). The correlation
tests were performed using adjusted mean squared
(R2) of multiple correlation coefficient using the
Variance Inflation Factor function in R (VIF; Mar-
quardt 1970), variables greater than 0.7 indicated high
collinearity and were removed prior to model fitting.
To fit the model satisfactorily, the species distribution
model requires both presence and absence records
(Naimi and Araújo 2016). In this study, the recom-
mended pseudo-absence records (n = 1000 at average
runs of 100 bootstrap replications) were drawn
randomly from the background of present records
(Barbet-Massin et al. 2012).
To predict the climatic match, six methods were
fitted to determine the model performance and relate
the predictor variable that best described the respec-
tive avian species distribution suitability. The methods
were isolated from 15 methods supported by the SDM
package with the following methods; boosted regres-
sion tree (BRT: Friedman 2001), classification and
regression trees (CART: Breiman 1984), generalised
linear model (GLM: McCullagh 1989), multivariate
adaptive regression spline (MARS: Friedman 1991),
random forest (RF: Breiman 2001), and support vector
machine (SVM: Vapnik 1995). The models were
evaluated at 100 runs of bootstrap replication to give
model adequate time to converge. The independent-
threshold statistics such as area under curve (AUC)
and dependent-threshold statistic (true skill statistic:
TSS) were used to evaluate model performance. To
build onemodel for each species using all six methods,
the independent AUC thresholds were weighted to
mean and later used to adjust the climatic suitability
threshold. In the present study, the randomised
correlation (COR) procedure described by Thuiller
et al. (2009) was used to measure between the
predicted values, and the variables under predictions
were permutated randomly. The AUC, TSS, and COR
values closer to 1 indicated which predictor variables
contributed highly to the respective species suitability
using the selected six methods. The model outputs
included AUC, TSS, and COR values which showed
each method’s mean performance per species using
test datasets generated using partitioning. The model
outputs were viewed using the mapview function in R
and later downloaded for analyses. The variables
performance figures for each method used were
displayed to determine which of the selected predictor
variables contributed most in predicting climatic
suitability (Supplementary information Table S1).
Impact assessment
Species selection and literature search
Although there are approximately 400 alien birds
species introduced around the world (Kumschick et al.
2016), in this study, the impacts were assessed for
seven species that have been reported as invasive
species in South Africa. Selection of these species was
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based on the following criteria (1) species listed under
the National Environmental Management: Biodiver-
sity Act (NEMBA), and (2) those with present large
records outside South Africa. Since impact assessment
is assessed based on published evidence (Nentwig
et al. 2016), here we searched for published impact
observed outside South Africa. The scientific and
e-literature were found on the biological invasion
websites, Google Scholar, Clarivate (https://clarivate.
com/), as well as Global Invasive Species Databases
Compendia such as the Animal Diversity Web (ADW:
https://animaldiversity.org/), the International Union
for Conservation of Nature (IUCN: https://www.
iucnredlist.org/), the Global Invasive Species Data-
base (GISD: www.iucngisd.org/gisd), the Centre for
Agriculture and Biosciences International (CABI:
www.cabi.org/isc), and the Invasive Species Special-
ist Group (ISSG: www.iucngisd.org/gisd). To search
the impacts, the common and scientific names were
used for each species together with impact phrases.
For example phrases used included ‘‘rose-ringed
parakeets impacts’’, ‘‘rose-ringed compete with native
bird’’, ‘‘diseases associated with rose-ringed para-
keets’’, ‘‘rose-ringed parakeets hybrids’’, agricultural
impacts by rose-ringed parakeets’’, and ‘‘impact of
rose-ringed parakeets on infrastructure’’ for this spe-
cies. For the species where we could not find much
literature, we used their previous scientific names or
synonyms obtained from Integrated Taxonomic
Information System (ITIS: www.itis.gov). The rele-
vant scientific literature related to the respective avian
species assessed were selected and used in this study
(Supplementary information References S1).
Impacts assessment
Several impact schemes have been developed, includ-
ing EICAT (Hawkins et al. 2015), GISS (Nentwig
et al. 2016) and SEICAT (Bacher et al. 2018). All
these schemes exclusively rely on published literature
(Hawkins et al. 2015). In this study, we used GISS
(Nentwig et al. 2016) to assess the impacts associated
with the selected invasive bird species. This impact
scheme was used because it generally includes both
the environmental and socio-economic impacts (Nen-
twig et al. 2010, 2016).
The GISS system used comprised of 12 impacts
categories, six under socio-economic and environ-
mental impacts, and each category represented an
impact mechanism (Nentwig et al. 2016). The impact
intensity of each category ranged from 0 (no impacts)
to 5 (highest impacts) (Nentwig et al. 2016). The
impact categories for both environmental and socio-
economic were summed to get the maximum overall
impacts score per species. The latter was out of 60 (12
impacts categories 9 5 (highest impact score)) (for
more details see Nentwig et al. 2016). The overall
maximum impact score for each category in both
environmental and socio-economic impacts was used
to rank the impact of a species from low or high
impact.
Statistical analyses
The maximum overall impacts scores used to rank
species were computed in SPSS (version 25, IBM
2016). To compare the sum of overall impact scored
for each avian species and means between environ-
mental and socio-economic impacts, student paired
t tests were used with the P value set to 0.05
significance level. The overall impact between envi-
ronmental and socio-economic categories was com-
pared for each avian species scored. We also used
Kendall’s tau (s) test to determine the correlation
between the overall impacts scored per avian species
and the number of publications used for each species.
We used ANOVA and Turkey HSD method with the
least squared means P values adjusted to determine
the significant differences between the levels of
mechanism for both environmental and socio-eco-
nomic impacts. For these statistical analyses, we used
R (version 3.4.4, R Core Team 2018).
Results
Distribution modelling
The model performed well for all seven invasive bird
species with a mean independent AUC threshold
ranging from 0.83 to 1 (Table 1, Supplementary
information Figures S1–7). The models fitted well
under all six methods with random forest (RF), support
vector machine (SVM), and multivariate adaptive
regression spline (MARS) being the top three methods
that contributed the most in fitting the models
(Table 1).
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Common myna Acridotheres tristis
The model performed well in predicting the climatic
suitability for the common myna with mean AUC
values for all methods of 0.91 (Table 1, Supplemen-
tary information Fig. S1). The projected climatic
suitability distribution of the common myna was
relatively large, covering a large extent of the globe
except for Antarctica and some dry desert areas in
Africa (Fig. 1). South Africa had large predicted
climatic suitability for this species except for some
parts in Northern Cape and Western Cape Provinces
(Fig. 1). The predicted climatic suitability in South
Africa overlapped with presence records of occurrence
but in some parts, it occurred in uninvaded areas
(Fig. 1). The predictor variables that described this
species’ climatic suitability were temperature related
and were mainly Bio 2 (mean diurnal range (mean of
monthly (max temp - min temp)), Bio 3 (isothermal-
ity (BIO2/BIO7), and Bio 9 (mean temperature of
driest quarter) (Table 1, Supplementary information
Fig. S1).
Mallard duck Anas platyrhynchos
The projected climatic suitability distribution for the
mallard duck was relatively large in North America,
and Central Europe extending towards central Russia
and southern Asian regions (Fig. 2). In South Amer-
ica, the largest climatic suitability for the mallard duck
was found in Argentine, Chile and Uruguay. In Africa
the largest climatic suitability for the mallard duck
was in central Africa and South Africa except for the
Northern Cape and some parts in the Limpopo and
North West Provinces (Fig. 2). In South Africa, the
climatic suitability for this species overlapped largely
with presence records than areas not currently invaded
(Fig. 2). Australia and New Zealand also had broad
climatic suitability for the mallard duck, and this
extended to include relatively small parts of East Asia
(Fig. 2). Only two predictor climatic variables (Bio 9:
mean temperature of driest quarter and Bio 19:
precipitation of coldest quarter) contributed the most
in projecting climatic suitability of the mallard duck
(Table 1, Supplementary information Fig. S2).
Fig. 1 The species distribution modelling showing predicted
climatically suitable areas for the common myna Acridotheres
tristis in South Africa and other parts of the world in the present
study. (Note: The suitability measured is shown by a colour
ramp threshold on the right; the greener the suitability the more
suitable areas are. Black dots in the map represent species
presence data used for modelling)
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Rock dove Columba livia
The climatic suitability distribution of the rock dove
occurred largely in North America, Australia, central
Europe, New Zealand, and South America (particu-
larly in three regions; Argentine, Chile, and Uruguay)
(Fig. 3). Central Asia had scattered suitability, espe-
cially in east China (Fig. 3). The predicted climatic
suitability in South Africa for the rock dove was
relatively large, covering all provinces including
invaded and uninvaded areas (Fig. 3). The climatic
suitability distribution for this species was best
described by three predictor variables namely isother-
mality (Bio 3), temperature seasonality (Bio 4), and
precipitation of coldest quarter (Bio 19) (Table 1,
Supplementary information Fig. S3).
House crow Corvus splendens
The projected climatic suitability distribution for the
house crow differed from other species as its suitabil-
ity was more in the southern hemisphere, southern
Asia, and theMiddle East (Fig. 4). In South Africa, the
predictions were concentrated in the western and
eastern coastal areas of the KwaZulu-Natal, Eastern
Cape, Western and the Northern Cape Provinces
(Fig. 4). The predictions overlapped with presence
records of the house crow but in some areas, it also
included currently uninvaded areas (Fig. 4). The
climatic suitability for this species was best described
by the predictor variables isothermality (Bio 3), mean
temperature of driest quarter (Bio 9), and precipitation
seasonality (coefficient of variation) (Bio 15)
(Table 1, Supplementary information Fig. S4).
House sparrow Passer domesticus
The house sparrow was one of the species with the
largest projected climatic suitability distribution
worldwide of the various species assessed (Fig. 5).
In South Africa, the climate suitability distribution for
the house sparrow was projected to include all the
provinces, including the largest portion of both
invaded and currently uninvaded distribution ranges
(Fig. 5). The predictor variables that contributed most
to this species’ climatic suitability were similar to
those reported for the rock dove (Table 1, Supple-
mentary information Fig. S5).












Fig. 2 The species distribution modelling showing predicted
climatically suitable areas for the mallard duck Anas platyrhyn-
chos in South Africa and other parts of the world in the present
study. (Note: The suitability measured is shown by a colour
ramp threshold on the right; the greener the suitability the more
suitable areas are. Black dots in the map represent species
presence data used for modelling)
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Fig. 3 The species distribution modelling showing predicted
climatically suitable areas for the rock dove Columba livia in
South Africa and other parts of the world in the present study.
(Note: The suitability measured is shown by a colour ramp
threshold on the right; the greener the suitability the more
suitable areas are. Black dots in the map represent species
presence data used for modelling)
Fig. 4 The species distribution modelling showing predicted
climatically suitable areas for the house crow Corvus splendens
in South Africa and other parts of the world in the present study.
(Note: The suitability measured is shown by a colour ramp
threshold on the right; the greener the suitability the more
suitable areas are. Black dots in the map represent species
presence data used for modelling)
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Rose-ringed parakeet Psittacula krameri
The projected climatic suitability distribution of rose-
ringed parakeets was scattered across the globe
(Fig. 6). In North and South America, the western
and eastern coastal areas were more suitable for this
species (Fig. 6). In South America, the suitability was
particularly in the coastal regions of Mexico, some
regions of Brazil, Argentina, Paraguay, and Uruguay
(Fig. 6). The regions with the largest climatic suit-
ability distribution for these parakeets included west-
ern European countries, the Middle East and the
southern parts of Asia (Fig. 6). In Africa, the largest
distribution suitability was predicted in the sub-
Sahara, especially the eastern regions (Fig. 6). Aus-
tralia and New Zealand also had a large predicted
climatic suitability distribution for these parakeets
(Fig. 6). In South Africa, the western and eastern
coastal regions, particularly the Western Cape, East-
ern Cape, and KwaZulu-Natal Provinces had rela-
tively large predicted climatic suitability distribution
for rose-ringed parakeets (Fig. 6). This included some
inland regions of the Free State, Gauteng, Mpuma-
langa, and KwaZulu-Natal Provinces and extended
from Limpopo Province to East African countries
(Fig. 6). The predicted suitability distribution for this
species in South Africa overlapped with the known
occurrence records while in some parts suitability
occurred in currently uninvaded distribution ranges
(Fig. 6). The predictor variables temperature season-
ality (Bio 4) and mean temperature of warmest quarter
(Bio 10) contributed most in predicting the climatic
suitability distribution for this species (Table 1, Sup-
plementary information Fig. S6).
Common starling Sturnus vulgaris
The northern regions of the northern hemisphere,
particularly North America and Europe had large
climatic suitability distribution for the common star-
ling (Fig. 7). In South America particularly Argentine,
Chile, and Paraguay had larger suitability. In South
Africa, the Eastern Cape, Western Cape, and Kwa-
Zulu-Natal Provinces also had relatively large pro-
jected climatic suitability distributions for this species
(Fig. 7). In South Africa, the predicted climatic
suitability of starling overlapped with presence
records while suitability in Free State occurred in











Fig. 5 The species distribution modelling showing predicted
climatically suitable areas for the house sparrow Passer
domesticus in South Africa and other parts of the world in the
present study. (Note: The suitability measured is shown by a
colour ramp threshold on the right; the greener the suitability the
more suitable areas are. Black dots in the map represent species
presence data used for modelling)
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Fig. 6 The species distribution modelling showing predicted
climatically suitable areas for rose-ringed parakeets Psittacula
krameri in South Africa and other parts of the world in the
present study. (Note: The suitability measured is shown by a
colour ramp threshold on the right; the greener the suitability the
more suitable areas are. Black dots in the map represent species
presence data used for modelling)












Fig. 7 The species distribution modelling showing predicted
climatically suitable areas for the common starling Sturnus
vulgaris in South Africa and other parts of the world in the
present study. (Note: The suitability measured is shown by a
colour ramp threshold on the right; the greener the suitability the
more suitable areas are. Black dots in the map represent species
presence data used for modelling)
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currently uninvaded distribution ranges (Fig. 7). The
southern regions of Australia (particularly Western
Australia and New South Wales), and New Zealand
had relatively large projected climatic suitability
distribution for the common starling (Fig. 7). The
northern regions of the Middle East and eastern parts
of China also had suitable climatic distribution ranges
for this species (Fig. 7). The predictor variables
isothermality (Bio 3), mean temperature of driest
quarter (Bio 9), and precipitation of coldest quarter
(Bio 19) described the common starling climatic
suitability distribution (Table 1, Supplementary infor-
mation Fig. S7).
Impact assessment
Species ranked by impacts
A total of 129 published references from the scientific
literature were used to assess the impact of the seven
selected invasive bird species in South Africa (Sup-
plementary information References S1). The number
of literature references used in scoring these species
differed per species, and ranged from a minimum of
12 to a maximum of 27 papers (Table 2). Several
impacts exerted by some of these species were
reported by single literature; as a result, there was a
negative correlation (Kendall’s tau: s = - 0.15,
P[ 0.05) between overall impact scored per species
and the number of literature references used for
scoring. All seven selected avian invasive species
were found to have impacts (Table 2). The mallard
duck, commonmyna, rock dove, rose-ringed parakeet,
and house crow were the avian invasive species with
the highest overall impact ranging from 35 to 39
(Table 2). The house sparrow and common starling
had impact magnitudes between 25 and 29 (Table 2).
However, some of these avian species scored a
maximum impact of five across the different levels
of mechanisms. For example, these high scoring
mechanisms (shown in parentheses) for the different
species were as follows: the mallard duck (competi-
tion, hybridisation, agricultural production, human
infrastructure, and human social life); the common
myna (animals, competition, agricultural production,
and human social life); the rock dove (hybridisation,
agricultural production, human infrastructure, human
health and human social life); the house crow
(animals, agricultural production, and human social
life); the house sparrow (agricultural production and
human health); the rose-ringed parakeet (agricultural
production); and the common starling (agricultural
production, animal production, and human infrastruc-
ture) (Table 2).
The impact magnitude of the various bird species
differed between the impact categories (Welch’s
t test: P = 0.036), with the socio-economic impact
scoring higher (n = 135) than the environmental
impact (n = 101) (Table 2). The overall scores also
differed between the species under environmental and
socio-economic categories (Table 2). As a result, the
socio-economic impact had the highest overall score
for six species (common starling, mallard duck, house
crow, rock cove, rose-ringed parakeets, and house
sparrow), while environmental impacts scored highest
for one species, the common myna (Table 2).
Impact levels across the mechanisms
Most of the bird species scored in this study had
previous records resulting in a relatively large envi-
ronmental impacts (maximum possible score of 5)
through effects on other animals (which included
predation and/or parasitism), competition, and
hybridisation. They also caused relatively large
socio-economic impacts through effects on agricul-
tural production, human infrastructure, human health,
and human social life (Table 2). Most of these species
have previously caused impacts through socio-eco-
nomic mechanisms rather than environmental mech-
anisms (Table 2; Supplementary Figure S8). The
impact mechanism recorded with the maximum pos-
sible score across all the respective avian species was
agricultural production (Table 2). There was a signif-
icant difference between the levels of socio-economic
categories (ANOVA: F6.015 = 15.32, P = 0.05) and
no significant difference between the levels of mech-
anisms for the environmental categories (ANOVA:
F1,154 = 1.26, P = 0.0017). The overall impacts
between the levels of mechanisms scored for environ-
mental and socio-economic categories differed signif-
icantly (Turkey HSD: P = 0.00019; Fig. 8).
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Discussion
Climatic suitability
In this study, we report on the potential predicted
climatic suitability distribution ranges for seven
invasive avian species introduced to South Africa
and other parts of the world. It was shown that some of
the species with relatively large occurrence records
tended to have relatively large climatic suitability
distribution ranges. This was particularly evident for
the common myna, house sparrow, and mallard duck
in the present study. The availability of large climatic
suitability distribution for these species was robust as
modelling was performed covering larger areas, and
this has been similarly reported by Estrada-Peña et al.
(2007). Conversely, some species, such as the com-
mon starling, house crow, rose-ringed parakeet, and
rock dove, despite having relatively large occurrence
records had relatively low climatic suitability distri-
butions in comparison. This was particularly because
their present distribution did not cover large extents,
and this may have limited their distribution predictions
as found in other studies (Estrada-Peña et al. 2007;
Lee-Yaw et al. 2016). The climatic suitability for most
of these species was within their present occurrence
ranges, and this suggests that their distribution is
dependent on climatic conditions.
The occurrence of some of these avian invasive
species, particularly in South Africa and other parts of
the world, overlapped with the predicted climatic
suitability distributions for each but in some areas the
predicted suitability included currently uninvaded
areas. This may contribute to the potential likelihood
of establishment should the species depend on climatic
conditions. Species such as the house sparrow in North
America, the rose-ringed parakeet in Italy (Di Feb-
braro and Mori 2015), and the house crow in New
Fig. 8 The overall impacts magnitude between levels of
mechanisms scored for seven selected invasive bird’s species
in South Africa for a environmental and b socio-economic
categories in the present study. (Letters in each boxplot are level
of grouping indicating the significant differences amongst the
mechanism, where same letters indicate significant differences
between the levels of mechanism, comparisons are Turkey HSD
least squared means P values adjusted)
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Zealand and Australia (Fraser et al. 2015) all depended
on the climatic conditions for successful colonisation.
This indicates that species with present distribution
records in climatically suitable areas may pose a risk
of further invasion. The respective alien invasive bird
species reported in the present study have established
across the globe with wide distribution ranges across
Asia, Australia, Europe, and North America (Lowe
et al. 2000; Pithon and Dytham 2002; Pinto 2005;
Peacock et al. 2007). In some areas, species such as the
rock dove (Michaelsen and Refvik 2003) and the
house crow (Ryall 2003) have been reported to survive
extreme conditions different to those in their native
ranges, e.g. the house crow has survived in Hoek van
Holland, Netherlands, where their breeding colony
persist in extreme cold periods with ambient temper-
atures less than - 8 C (Ryall 2003). Species that are
reported to survive in areas of relatively wide climatic
ranges might be more opportunistic and have pheno-
typic plasticity to make their survival possible in a
wide environmental range, e.g. the rose-ringed para-
keet and the monk parakeet Myiopsitta monachus
(Spreyer and Bucher 1998; Strubbe and Matthysen
2009a, b; Thabethe et al. 2013).
For some of the invasive avian species, climatic
suitability alone cannot explain species occurrence
and colonisation as some are highly social and have
evolved to live in association with humans, e.g. the
house crow (Owino et al. 2004), the house sparrow
(Shaw et al. 2008), and the rose-ringed parakeet
(Butler 2003; Hart and Downs 2014). In addition,
avian species introduced in areas, either rural or urban,
where human habitation exists generally provides
them with supplemental food, space, and shelter
(Layton 2009; Shimba and Jonah 2017), and those
with relatively large potential climatic suitability may
pose a relatively high risk of becoming invasive.
However, climatic matching and/or species distribu-
tion modelling alone cannot fully justify the impact
associated with species but can be applied with impact
scoring assessment to quantify their impacts as sug-
gested in other studies (Keller and Kumschick 2017).
Impact assessment
All seven invasive birds assessed in the present study
scored higher for socio-economic impacts than envi-
ronmental impacts. Other studies, however, found
higher environmental impacts than socio-economic, or
no difference between the two impacts (Evans et al.
2014; Kumschick et al. 2015). We found higher socio-
economic impacts likely because many of the species
assessed in the present study are associated with
human habitation (Owino et al. 2004; Layton 2009),
especially in the city centres where there is generally
an abundance of anthropogenic food and infrastructure
for their persistence (Soh et al. 2002; van Rensburg
et al. 2009). Factories, shopping malls, agricultural
sectors and domestic gardens also provide suit-
able habitats for these species (Suliman et al. 2011;
Magudu and Downs 2015; Menchetti et al. 2016;
Senar et al. 2016). As a result, all the seven alien
invasive birds scored in this study had maximum
impacts on agricultural production, resulting in major
economic losses, e.g. the rose-ringed parakeet damage
is worth approximately * US$11,5 Million in Pak-
istan alone (Khan and Ahmad 1983; Ahmad et al.
2011) and the crop damage by common starlings was
estimated at * US$800 million per annum in the
USA (Pimentel et al. 2000). Some of the species
scored the maximum on human infrastructure; this is
because the damage associated with those birds
included both control and damage costs. For example,
the airstrike damage by mallard ducks was estimated
at over US$100 million, and about US$200,000 was
spent in clean-up costs associated with common
starlings in Omaha, Nebraska, USA (Linz et al.
2007; Cummings 2016). Species such as the house
crow and the rock dove have been reported to pollute
various anthropogenic infrastructure and water bodies
with their excreta (Xi 2009; Sacchi et al. 2002;
Jerolmack 2008; Shimba and Jonah 2017) resulting in
more financial expenditure. For example, in the USA
alone, feral pigeons in some urban areas have caused
impacts of * US$1.1 million annually (Pimentel
et al. 2005). Most of the invasive bird species included
in the present study have impacts on human health as
many are vectors of zoonotic diseases, e.g. the mallard
duck (Gunnarsson et al. 2012), house crow (Ryall and
Meier 2008), rock dove (Dolz et al. 2013), and rose-
ringed parakeet (Mase et al. 2002). Some of the
diseases carried by these invasive birds are transmit-
table to animals, as a result, farmers may have
production losses. The common starling has been
documented to carry Mycobacterium avium paratu-
berculosis, which is the main cause of Johne’s disease
in cattle (Corn et al. 2005). This disease has cost the
USA dairy industry * US$200–250 million,
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annually (Beard et al. 2001). Only the rose-ringed
parakeet was associated with impact on forestry
production and the reported impact was through bark
stripping and defoliation (Strubbe and Matthysen
2009a, b). The impacts on forest production by these
seven species were relatively low because most of the
alien invasive bird species examined have adapted to
live, roost, and feed on food around human habitation.
This included species such as the common starling
(Mennechez and Clergeau 2001), house crow (Shimba
and Jonah 2017), rock dove (Spennemann andWatson
2017), and house sparrow (Magudu and Downs 2015).
The impacts on the environment of the seven
invasive avian species were mostly in terms of
competition and effects on other animals. For an
example, rose-ringed parakeets have been reported to
compete with native nuthatches Sitta europaea
(Strubbe and Matthysen 2009b) and the threatened
greater noctule bat Nyctalus lasiopterus (Mattia et al.
2014; Hernández-Brito et al. 2018). Sometimes the
competition may result in fatal attacks on native
avifauna (Mattia et al. 2014; Covas et al. 2017). The
common myna was also reported to attack common
coati Nasua nasua in Victoria, Australia (Fitzsimons
2006). Diseases carried by some of these birds can
negatively affect other birds, e.g. mallard ducks are
natural carriers of infectious duck virus enteritis
(DVE) that can be transmitted to other ducks in the
wild (Dhama et al. 2017). Species which scored
maximum under hybridisation were rock dove and
mallard duck; these species have been implicated into
changing the genetic pool of native or endangered
species. For example, the mallard duck affects the
genetic pool of endangered species such as Hawaiian
duck Anas wyvilliana, the African black duck A.
sparsa, and the Meller’s duck A. meller (Fowler et al.
2009). Some of the species assessed in the present
study, such as the rose-ringed parakeet, are bred in
captivity, and the wild populations of hybrids for this
species are relatively rare or have few populations
(Postigo 2016).
In the present study, some mechanisms examined
recorded low impacts, and this could be attributed to
the paucity of literature and that there are relatively
few studies of invasive bird impacts. For example, the
score for impact on ecosystems, and plants or vege-
tation were relatively low as a consequence. Although
there were a few of the invasive alien species in the
present study that scored relatively low impacts which
represented minimal or no impacts, the impacts
reported for these species should not be underesti-
mated (Hawkins et al. 2015). The minimal impacts
scored can change to be large for some species once
introduced to areas which meet their colonisation
traits, as explained in Blackburn et al. (2009). This is
evident for species such as common mynas in South
Africa (Peacock et al. 2007) and monk parakeets in
Spain (Rodrı́guez-Pastor et al. 2012) which have large
densities in their invasive ranges compared with their
native ranges, and their impacts are relatively large.
Conclusions and recommendations
We found that all the seven avian invasive species had
climatically suitable distributions in South Africa. The
climatic suitability for all the species was within their
occurrence ranges in and outside South Africa. From
the impact assessments, we found that all seven
selected species had impacts, with the mallard duck,
common myna, rock dove, rose-ringed parakeet, and
house crow having the highest overall impacts
respectively. The socio-economic impact ranked
higher than environmental impact for all species.
The socio-economic impacts were frequently through
agricultural production and human infrastructure,
while the environmental impact was mostly through
impacts of birds on other animals and competition.
It is recommended that the seven invasive bird
species assessed in the present study should be
eradicated given that they have relatively large
potential climatic suitability distributions and have
both environmental and socio-economic impacts. For
areas which are climatically suitable for these respec-
tive species but presently no occurrence records,
surveillance in these areas is needed to ensure they are
detected as soon as they appear, and that mitigation
measures are implemented. Those species not yet
included in NEMBA with highest possible recorded
impacts and potential climatic suitability range should
not be neglected in decision making for policy
implementation. The present study provides baseline
data towards the management of invasive avian
species in southern Africa and globally.
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Blackburn TM, Pyšek P, Bacher S, Carlton JT, Duncan RP,
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Covas L, Senar JC, Roqué L, Quesada J (2017) Records of fatal
attacks by rose-ringed parakeets Psittacula krameri on
native avifauna. Revista Catalana d’Ornitologia 33:45–49
Crowl TA, Crist TO, Parmenter RR, Belovsky G, Lugo AE
(2008) The spread of invasive species and infectious dis-
ease as drivers of ecosystem change. Front Ecol Environ
6:238–246. https://doi.org/10.1890/070151
Cummings JL (2016) Geese, ducks and coots. wildlife damage
management technical series 4. http://digitalcommons.unl.
edu/nwrcwdmts/4. Accessed 12 Aug 2019
Dhama K, Kumar N, Saminathan M, Tiwari R, Karthik K,
Kumar MA, Palanivelu M, Shabbir MZ, Malik YS, Singh
RK (2017) Duck virus enteritis (duck plague): a compre-
hensive update. Vet Q 37:57–80
Di Febbraro M, Mori E (2015) Potential distribution of alien
parakeets in Tuscany (Central Italy): a bioclimatic model
approach. Ethol Ecol Evol 27:116–128. https://doi.org/10.
1080/03949370.2014.895424
Di Febbraro M, Lurz PW, Genovesi P, Maiorano L, Girardello
M, Bertolino S (2013) The use of climatic niches in
screening procedures for introduced species to evaluate
risk of spread: a case with the American eastern grey
squirrel. PLoS ONE 8:e66559. https://doi.org/10.1371/
journal.pone.0066559
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